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The ecological distribution of the epiphytic Hydrozoa is in good accordance 
with a particular group of algae along the coastal area of Asamushi, because each 
·hydrozoan species has its own preferred algal substrate, being in most cases 
species of Sargassaceae (Nishihira, 1965, 1966). The marked association between 
Hydrozoa and algae was considered to be established by the positive algal selection 
by the larvae at the time of settlement (Nishihira, 1967). 
In Bryozoa, Ryland (1959a and b, 1962) reported that the larvae showed marked 
algal selectivity which accorded closely with their natural distributions and thus 
suggested that the positive selection plays an important role in determining the 
distribution of these species on the shore. Many marine invertebrate larvae are 
known to possess particular substrata on or in which they occur. It has been 
reported that Spirorbis borealis occurs abundantly on Fucus serratus and its larvae 
have an ability to discriminate between algal species and settle more heavily on 
this alga than on others (Knight-Jones, 1951). The chemical substance in this 
laga was reported to be attractive to the settlement of the larvae of this serpnlid 
(Williams, 1964) and to epiphytic bryozoan larvae (Crisp and Williams, 1960). 
Positive algal selection of the larvae of a hydroid, S&tularella miurensis, was 
observed to make heavy settlement on an alga, Sargassum tortile, which 
supports abundant Ser.. miurensis on every rocky shore in the neighbourhood of 
Asamushi, though the mechanisms of algal selection were not discussed in detail 
(Nishihira, 1967). It seems rather difficult to analyze these problems both in the 
field observations and in rough experiments in the natural conditions. Thus 
it becomes necessary to do this under laboratory conditions. 
An athecate hydroid, Ooryne uchidai, has a lecithotrophic larva that settles 
two to several days after liberation with ease in the laboratory. Therefore 
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Oornye uchidai, which was collected abundantly in the surruner months from 
Sargassum, was used in the experiments to detect the settlement preference and 
the mechanism of selections. 
Before going further, I express my hearty thanks to Prof. Mutsuo Kato of the 
Biological Institute of the Tohoku University for his continuous interest in all 
aspects of the work and his critical reading of the manuscript. I am also in-
debted to Prof. Eturo Hirai, Director of the Marine Biological Station of 
Asamushi and to the staff members of the same station for their kind criticisms. , 
MATERIAL AND METHODS 
Several thalli of Sargassum confusum beariog luxuriant colonies of Ooryne 
uchidai were collected during low tide. The mature colonies bearing fully grown 
gonophores were chosen and kept in a large dish. All algae except the ones covered 
by stolons were removed. In a glass dish, 12 em in diameter, with about 600 ml of 
filtered sea water, several female colonies and one male colony were left undisturbed 
over night. By the next morning abundant larvae, of about 200~t and white to 
pale reddish in colour, had been liberated. Those larvae swimming in the surface 
layer of water were gently pipetted out ioto the experimental dishes by means of a 
wide-mouthed pipette. Larvae on the bottom of the dish were not used. The 
adult colonies were used once only for the collection of larvae. 
The algae used were collected at the same time as the hydrozoan colonies. 
Pieces of clean thallus which were not already colonized by any Hydrozoa were cut 
from the thallus, each beiog of comparable area to the arbitrarily decided piece of 
frond of Sargassum confusum, though it could not be judged accurately because of 
the various life forms of algae. The pieces thus prepared were kept in a large dish 
and washed by running sea water over night till the experiment to reduce exuda-
tion of mucus from the thalli and cut edges, which were kept at the minimum. 
This was done because it was known that the mucus has an adverse influence on 
the settlement of larvae (Ryland, 1959b). 
The experiment was done in a Youden Square design (see Ryland. 1959b). 
Eleven glass dishes, 12 em io diameter, with 250 ml of filtered sea water were 
placed on the wet bench at 19°±1°0. The dishes were arranged as shown in Fig. 
1( above), randomly numbered, and the positions in the dish were also arranged at 
random. The pieces of algae riosed by filtered sea water were placed in the 
dishes according to the pattern shown in Fig. 1 (below) and roughly positoned. 
Then 30 larvae were gentyl placed in each dish, and the algae were finally posi-
tioned. They were left undisturbed for one week, then the number of polyps with 
filiform tentacles on each piece of alga was recorded. 
Two series of experiments were performed with 30 larvae in· each dish under 
continuous illumination by a fluorescent lamp directly (L1 and L2 in Table 1 ). 




Fig. l. Layout of the algal choice 
experiments in accordance with the 
Youden Square design. Eleven algae 
were compared using 11 dishes with 
five peices of algae in each. Five 
positions in the dishes are indicated 
by Roman numerals. Algae are 
indicated by the abbrevaitions used 





2 3 4 5 6 7 a 9 
A: DP v IV Ill II 
B:RL v IV Ill II 
C' GA v IV Ill 
D :SF v IV 
E :SH II v 
F: ST Ill II v 
G: SO IV Ill II 
H: UP IV Ill II 
I: CL v IV Ill II 
J : CG v IV Ill II 












Four series with 50 larvae in each dish were left in complete darkness after the 
setting was completed (D1-D4). 
By usiog the Y ouden Suqare design it is possible to evaluate the effects due 
to treatment (algae), blocks (dishes) and positions (positions of alga in a dish) 
separately, and to test a number of algae simultaneously with a relatively small 
number of larvae. In these experiments 11 algae could be tested io 11 dishes, 
with five positions in each dish. The method of analysis was described by Ryland 
(1959b). Only the results thus analyzed are given in the present article. 
RESUL'l'S AND DISCUSSION 
In six experimental series, a total of 15 algae were tested using a slightly 
different combination of algae in each series. Though a fairly large number of 
larvae were used in each experiment the actual number that settled on the piece of 
alga was not so large as expected before the experiments (10-15%). Besides the 
settlement on the algae, a number of larvae settled on the bottom of the dish 
directly, but these were not recorded for the present observations. A large part 
of these settlements were observed around the Sargassum. 
The crude data of the settlement were pooled, and the figures calculated based 
on them were the corrected means of each alga, which is the estimate of the larval 
settlement that would have taken place if all algae were present in every dish. 
These corrected means are shown io Table 1 as percentage values. In Table 1, 
an indication of significance, which is obtained by comparing the ratio of the 
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Table !. 
Results of the settlement experiments. The larvae of Oornye uchidai were offered for 
algal substrates. The figures for each series are the corrected means expressed as 
percentage. The variance ratios that are significant at the 5 percent and 10 per cent 
probability level are marked with double asterisk and an asterisk respectively. 
UP: Ulva pertusa, EL: Enteromorpha linza, C2- Cladophora sp. 2, OF: Oodium 
fragile, DD: Dictyota dichotoma, DP: Dictyopteris divaricata, SO: Sargassum 
tortile, SF: 8. confusum, ST: 8. thunhergii, SH: S. hemiphyllum, CL: 
Ooccoplwra langsdorjii, GA: Gelidium amansii, CC: Ohondria cras-
sicaulis, SL: Symphyocladia latiuscula, RL; Rlwdomela larix. 
Algae 
(Abbreviation) 
Ulva pertusa (UP) 
Enteromorpha linza (EL) 
Cladophora sp.2 (0,) 
Oodium fragile (CF) 
Dictyota dichotoma (DD) 
Dictyopteris divaricate 
(DP) 
Sargassum tortile (SO) 
Sargassum confusum (SF) 
















Dl D2 D3 
0.5 - 4,5 -
- - - 1.8 
- - 0,4 
- - -
4.8 3.7 - 2.4 
3,1 1.8 0.8 
14.4 6,9 18.0 
29.2 31,7 11.1 
17.7 12.4 21.7 
14.4 20.7 23.3 












3,9 Ooccophora langsdorfii (CL) 
Gelidium amansii (GA) 8.1 4.6 0.8 0.9 - - 1.0 
Ohondria crassicaulis (CC) - 0.5 11,7 1.5 6,9 - -
Symphyocladia latiuscula 
(SL) 1.9 1,8 - - 7.3 6.5 
Rhodomela larix (RL) I 19,5 - 2.8 8.8 7,7 -
Variance ratios 
treatment :remainder 3.09'* 0.61 3.70•• 2.11• 2.21•• 1.20 
block :remainder 1.02 0.60 0.78 1.45 1.16 0.94 
position:remainder 1.49 0.39 2.50 1.40 0.30 1.16 
Number of larvae used 330 330 550 550 550 550 
Actual Number of 
larvae which settled 45 42 69 45 39 46 
treatment (or block, or position) mean square to the error mean square with the 
appropriate F-valne, are also presented. The degree of freedom is 10 and 30 for 
the treatment (algae) and block (dishes), and 4 and 30 for the position. 
Except in L2 and D4, the values of treatment are significant, and those of the 
block and positions show that these effects on the settlement of the larvae were not 
significant. In all series the values of treatment are the largest. These 
figures show clearly that the settlement of larvae is greatly influenced by the 
difference in algae .irrespective of the position in a dish or difference in dishes. It 
shows that the larvae discriminated between algal species as shown by the different 
score of scttlemen t on each alga. 
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The average values of each alga derived 
from Table 1 are shown graphically in Fig. 2. 
It is interesting to note that the higher 
settlements occurred on the various species 
of S!l!l'gassum. It is in good accordance with 
the field observations (Nishihira, 1965). 
About 15 percent of the s<>ttlement was re-
ceived by each species of Sargassum, next to 
wlllch a red alga, Rhodomela larix, received 
about 10 per cent of the settlement. Under 
natnral conditions this alga was often 
colonized by Ooryne uchidai and some other 
Hydrozoa. This may be attributed to the 
much branched thallus being covered with 
abundant small laminae, and the settlement 
of larvae always occnrred at the base of the 
laminae. Ooccophora langsdorjii showed a 
rather moderate settlement. Other algae 
were not utilized readily. 
The general trend of the fignres accords 
closely with the observed natural preferen-
ces. Sargassum confusum, Sar. hemiphyllum 
and Sar. tortile were observed to carry very 
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Fig. 2. The settlement of the 
larvae of Ooryne uchidai on various 
algae. Algae are indicated by the 
abbreviations used in Table I. 
order of preference is slightly different from the data presented previously (Nishi-
hira, 1965). Neither biomass nor the number of colonies were dealt with in the 
previous paper, and the figures obtained in the present experiments are rather 
similar to those values assumed by taking the number of colonies into consideration. 
In fact a number of colonies of this Hydrozoa were collected by searching the upper 
half of Swrgassum conjusum and Sar. tortile. 
It is noteworthy that lllgh settlement values were recorded on Sar. thunbergii 
because most of this alga which grows in the midlittoral zone usually does not 
support this Hydrozoa. 
Ryland (1959b) said that some midlittoral fucoids which were proved to be 
preferable for the settlement of some bryozoan larvae were not colonized be-
cause they occurred too high on the shore for the survival of these bryozoans 
possibly because desiccation would be too great or the time available for feeding 
too short. Similar causes may operate with Ooryne. Sargassum thunbergii has 
characteristic association with Sertularella sp. Without exception, this hydroid is 
restricted to the basal portion of the thallus, the reasons for which were already 
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considered (Nishihira, 1967). In tllis alga growing on the exposed shores or on 
the projecting small rocks washed by waves often carry various kinds of Hydro-
zoa, among which Ooryne has been observed, and Sertularella miurensis and 
Orthopyxis platycarpa were rather common. The portions of the alga to which 
Ooryne attached was the upper half also iu this case (Nishihira, unpublished). 
These figures both in the filed and in the experiments seem to show that Sar. 
thunbergii is potentially the preferable alga for Hydrozoa. 
The fact that the Sargasso-algae, in the laboratory as well as under natural 
conditions, received a high settlement, except for the single discrepancy in both 
records in Sar. thunbergii described above, suggests that certain general 
characteristics in this group of algae may be attractive for the larval settlement of 
Ooryne. They may be the hard and branching thalli, the colour, the surface 
contours, or some chemical elements contained in the thallus. Because the 
experiments were performed in darkness, the importance of colour may be 
negligible, but the importance of light condition seems to be great because of the 
different number of settlement on. Sar. confusum in both dark and light conditions. 
The life form of the algae is not sufficient to explain succesfully the high estimates, 
because some other unsuitable algae have similar, and some have even more bran-
ched thalli. 
Crisp and Williams (1960) reported that the extracts of som.e fucoids are at-
tractive to the bryozoan larvae for settlement though those of other algae are less 
attractive. Williams (1964) demonstrated that the extract itself is attractive to 
the settlement of the larvae of Spirorbis borealis by using the extract of Fucus 
serratus. Fucus and Sargassum are allied algae. Here, it may be conceivable that 
a similar substance may be contained in the thallus of Sargassum, and further it 
may be also attractive for the settlement of the larvae of the Hydrozoa. 
SUM~:lARY 
Many epiphytic Hydrozoa have their respective attractive alga as seen in 
some other marine invertebrates such as Bryozoa and serpulids. An athecate 
hydroid, Ooryne uchidai, occurs most abundantly on species of Sargassum, especially 
on Sar. confusum, Sar. tortile and Sar. hemiphyllum. 
Experiments were performed in which a number of algal species were offered 
to hydrozoan larvae as the substrata for settlement. The results obtained 
showed clearly that the larvae showed marked preference for the species of 
SargMsum, among which was one species, Sar. thunbergii, few specimens of which 
bear this hydroid in nature. 
It seems valid that the positive selection of algal substratum may play an 
important role in the establihsment of the characteristic association with alga and 
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consequently in determining the ecological distribution of the Hydrozoa on the 
shore. 
It was suggested that the larvae may respond to a chemical substance of the 
thallus of Sargassum spp., and select these algae in preference to others though 
the precise mechanism is tmknown. 
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